The class II methanol maser source G9.62+0.20E has been monitored since 1999 at 6.7 GHz and since 2000 at 12.2 GHz. Six flares have been observed to date. These flares are periodic, with an interval of 246 d between flares. The duration of the flare is approximately 3 months, with maximum amplitude reached a month after the start of the flare.
I N T RO D U C T I O N
Studies of the formation of massive stars are restricted by the high optical depths of the dust in the natal molecular clouds. Thus the newly formed star cannot be observed directly. Methanol masers at 6.7 and 12.2 GHz appear to be associated with newly formed massive stars (Batrla et al. 1987; Menten 1991) and are powerful tools for studying conditions in these regions. A number of masers have been found to be variable at 6.7 GHz (Caswell, Vaile & Ellingsen 1995; MacLeod & Gaylard 1996) and 12.2 GHz (Moscadelli & Catarzi 1996; MacLeod, Gaylard & Kemball 1993) . The variability of the masers can be used to examine changing conditions in the star formation region. The study by Caswell et al. (1995) followed the variability of a small sample of masers for a short time, with intervals between observations of the order of months. Observations of G351.78−0.54 show rapid variations on a time-scale of weeks when the maser is in an active phase (MacLeod & Gaylard 1996) . Other methanol masers appear to be non-varying over the same timescales. Regular monitoring of a large sample of methanol masers will be able to give us an idea of how common methanol maser variability is and the typical time-scales of variability. Such data can also be used to test maser models.
A programme to monitor methanol masers at 6.7 GHz was started at the Hartebeesthoek Radio Astronomy Observatory (HartRAO) in 1999 January. The programme was extended in 2000 January to monitor a subset of methanol masers at 12.2 GHz. One of the sources being monitored at both frequencies is G9.62+0.20, a complex of H II regions containing a number of young massive stars at different stages of their protostellar evolution . Recent high-resolution imaging has shown that the strongest 6.7-GHz methanol masers (Phillips et al. 1998 ) and the 12.2-GHz methanol masers (Minier, Booth & Conway 2000) are associated with an ultracompact (UC) H II region (component E in Garay et al. 1993) or an ionized stellar wind around a young massive star. Hydroxyl masers (Caswell 1998 ) and water masers (Hofner & E-mail: sharmila@hartrao.ac.za Churchwell 1996) are also present in this region. In this paper, we present the data on the variability of G9.62+0.20E. The variability behaviour of the entire sample will be presented in a later paper.
O B S E RVAT I O N S
The monitoring programme used the 26-m telescope at HartRAO. All observations were made using left circular polarization. The sources were observed at intervals of 1-2 weeks, with observations at 2-3 d intervals when a source was seen to be varying rapidly. The observing parameters are summarized in Table 1 .
The observations at both frequencies were corrected for pointing errors, gain changes as a function of time and gain changes as a function of hour angle.
Pointing corrections were calculated by taking observations offset by half a beamwidth from the source position. The pointing corrections at 6.7 GHz are on average less than 5 per cent, therefore pointing is not a dominant factor in the calibrations at 6.7 GHz. However, the pointing corrections at 12.2 GHz are on average 10 per cent but can be as high as 30 per cent.
Since 2000 April the telescope surface has been progressively upgraded with new high-accuracy panels. The point source sensitivity (PSS) of the telescope was measured by observing 3C 123, 3C 218 and 3C 274. Prior to the upgrade the PSS was found to be 15.7 Jy K −1 at 6.7 GHz and 24.2 Jy K −1 at 12.2 GHz, based on the Ott et al. (1994) flux scale. During the upgrade period regular calibrations were made using precision Dicke radiometry at 4.9 and 8.6 GHz. Changes relative to the pre-upgrade values for the PSS at 6.7 GHz were obtained by interpolating the PSS measured at these two wavelengths. The corrections obtained are believed to be accurate to 1 per cent or better. The changes to the PSS at 12.2 GHz are obtained by extrapolating the values from the 4.9-and 8.6-GHz calibrations, resulting in a less accurate gain correction (2 per cent). The validity of the corrections was tested by applying them to other slowly varying sources in the monitoring sample.
The data were corrected for gain changes as a function of hour angle, using from horizon-to-horizon runs to which a low-order polynomial was fitted. The 12.2-GHz gain-curve was obtained on G9.62+0.20 while between flares. The 6.7-GHz gain-curve was run on the nearby source G10.33−0.17.
R E S U LT S
The average spectra of G9.62+0.20E are shown in Fig. 1 . The features are labelled following the nomenclature adopted by Minier, Booth & Conway (2002) for their spot maps at 12.2 GHz. The dominant feature C is strongly variable at both frequencies. The weaker features at 12.2 GHz show no variation within the noise. No features other than those discussed below are seen to flare. Fig. 2 shows the time series of two velocity channels at both frequencies. Flares are seen simultaneously at 12.2 and 6.7 GHz in the velocity range 1-2 km s −1 (features A, B and C in Fig. 1) . The variability appears to consist of a periodic component as well as random variations. The periodic flares can be distinguished from random variability by the following properties:
(i) the amplitude of the flare is greater than that of the random variability;
(ii) the flare occurs simultaneously at 6.7 and 12.2 GHz for features A, B and C.
The weaker feature at −0.14 km s −1 is seen to flare up to 30 d after feature C reaches its maximum. Fig. 3 shows the discrete correlation function 1 (DCF) between the two time series. It is possible that the corresponding −0.14 km s −1 feature at 12.2 GHz also flares, but the low signal-to-noise ratio of the observations at 12.2 GHz make it impossible to detect any variability above the noise in the weaker features.
1 Calculated using the z-transformed DCF procedure made available by Alexander (1997) . Examination of the data by eye indicates that we should expect to see a period between 240 and 250 d. A discrete Fourier transform (Scargle 1989 ) results in a harmonic series typical of a periodic, non-sinusoidal signal (Fig. 4) . A power spectrum can be obtained by doing a discrete Fourier transform of the autocorrelation function. The frequency with the most power is found at 1.48 cycle yr −1 (a period of 246 ± 6 d). Fig. 5 shows the structure of the flares at feature C. The time series is folded modulo 246 d. While the flares do not repeat exactly, they do follow a common pattern. The start of a flare is characterized by a slow increase in intensity, lasting for about 3 weeks. Prior to the peak of the flare the intensity increases rapidly, doubling within a week at 12.2 GHz. The duration of the maximum intensities is short -of the order of a week. The flare then slowly decays, with the minimum intensity reached about 3 months after the maximum. 
D I S C U S S I O N
This is the first reported incidence of periodic variations associated with high-mass star formation. No other sources in the sample of 56 6.7-GHz methanol masers have displayed noticeable periodic variations since the start of the monitoring programme. It may be that periodic variations are rare, or the time-scale of periodicity is much greater than 3 years. We would expect to see more cases of periodic variability amongst other such maser sources if the periodic phenomenon driving the maser variations were intrinsic to the central star, unless it is very short-lived. The problem here is to identify a plausible mechanism for sustained, regular variations in these masers. It is not known whether massive stars at this evolutionary stage can sustain pulsations. Monitoring of the radio continuum emission from the UC H II region may be a way to check if the variations are intrinsic to the star. Kurtz et al. (1994) observations at a resolution of 0.5 arcsec and the Garay et al. (1993) observations at 3 arcsec, so the data cannot easily be compared. The T Tauri star KH 15D (Hamilton et al. 2001 ) is an interesting example of a lower mass pre-main-sequence star showing eclipses by a circumstellar dust feature. A slight brightening in the middle of the eclipse is interpreted as a region with lower density dust. The periodic variations in G9.62+0.20E may be caused by a similar mechanism. Simulations by Durisen et al. (2001) indicate that spiral density waves can form in a circumstellar disc around a massive protostar. However, it does not seem likely that this is the case here since, while some of the maser features form a linear structure as expected from an edge-on disc, the velocity gradient is not consistent with Keplerian rotation (Minier et al. 2002) . In addition, the time-scales for spiral shocks are of the order of thousands of years while the simulation results shown in fig. 2 of Durisen et al. (2001) suggest that the spiral structure may not be regular enough to cause periodic variations. However, the maser intensities could be affected by an orbiting object closer to the star. An orbital period of 246 d corresponds to a Keplerian radius of 1.6 au for a less massive object orbiting a 10-M star. This would put it inside the UC H II region. It is unlikely that a dust clump would survive in such a harsh environment, therefore we may be looking at a close binary system, with a lower mass star orbiting the ionizing primary star. While the formation of such a system may seem unlikely, the periodic flares in G9.62+0.20E are very unusual, if not unique.
Proper motion observations by Minier et al. (2001) indicate that the two lines of maser features (A through to F on the east, and G to I on the west) are moving away from each other in a manner consistent with expanding shock fronts or a wide-angle outflow. It is possible that the conditions necessary for methanol masers can be created by the interaction between a clumpy outflow and the adjoining dust, or in shock fronts (Sobolev, Cragg & Godfrey 1997) . It is not clear how such a situation could create flares as periodic as those that we see in this case, since the dust density distribution is not likely to be homogenous.
The periodic nature of the flares in this source makes it an excellent target for in-depth studies of the flare mechanism. Calculations by Cragg, Sobolev & Godfrey (2002) show that both species of methanol masers, as well as hydroxyl masers, can be pumped by infrared emission from hot dust. A near-infrared component is visible (Testi et al. 1998) but no corresponding mid-infrared source has been found in the region of component E (De Buizer, Piña & Telesco 2000) . Monitoring the hydroxyl masers or the infrared source during a predicted flare is another way of checking if the flare is due to an increase in the pumping infrared radiation.
Flare number five (peaking in 2001 November) was predicted with sufficient accuracy to enable a series of Very Long Baseline Array (VLBA) observations at 12.2 GHz to be run at seven epochs spaced across the predicted time of the flare. These high-resolution interferometric images should enable us to monitor the effects of the flare on the individual maser spots (Goedhart et al., in preparation) . Such observations will enable us to investigate further the mechanism of the flare.
